Abstract Adherence to antiretroviral (ART) medication is vital to reducing morbidity and mortality among HIV positive persons. People who inject drugs (PWID) are at high risk for HIV infection in transitional/low/middle income countries (TLMIC). We conducted a systematic review of studies reporting adherence to ART among persons with active injection drug use and/or histories of injection drug use in TLMIC. Meta-regression was performed to examine relationships between location, adherence measurements, and follow-up period. Fifteen studies were included from seven countries. Adherence levels ranged from 33 to 97 %; mean weighted adherence was 72 %. ART adherence was associated with different methods of measuring adherence and studies conducted in Eastern Europe and East Asia. The great heterogeneity observed precludes generalization to TLMIC as a whole. Given the critical importance of ART adherence more research is needed on ART adherence among PWID in TLMIC, including the use of standardized methods for reporting adherence to ART.
Introduction
The first cases of acquired immune deficiency syndrome (AIDS) among people who inject drugs (PWID) were reported in 1981 [1] . By the mid-1980s, human immunodeficiency virus (HIV), the virus that causes AIDS, had been discovered [2] . HIV has infected millions of individuals, with current estimates reporting over 38 million current infections worldwide [3] . In many countries HIV prevalence among the general population is less than 1 %, but among PWID HIV prevalence has reached levels of 20 % or greater in Eastern Europe, Asia and Africa [4] . Outside of African countries, PWID make up over 33 % of new HIV infections [5] . Antiretroviral (ART) therapy, which was started in the late 1980's with AZT and further expanded to combination highly active antiretroviral therapy (HAART) in the mid 1990's [6] , led to significant reductions in mortality among HIV infected individuals [7] . However, these medications were often only available in high-income countries due to cost and limited healthcare staff.
Strategies to seek, test, and treat individuals at high risk for HIV infection have been increasingly prioritized in settings of high HIV prevalence [8] , but questions still arise from clinicians as to the best way to treat HIV infected individuals who continue to use drugs. The main concerns that clinicians have in treating PWID is that suboptimal ART adherence (below 90 % of medication taken) among individuals could lead to increased ART resistance [9] .
There are a number of reasons why adherence to ART medications among PWID may be lower among transitional/low/middle-income countries (TLMIC) compared to high-income countries. First, TLMIC may not have the financial resources or availability of ART medication for HIV infected individuals, leading to supply shortages and gaps in medication administration [10] . Second, PWID in TLMIC may face greater stigmatization and discrimination, leading to less utilization of ART medication and fewer follow-up visits [11] . Third, there may be greater law enforcement interference with PWID visiting ART therapy locations in TLMIC, particularly in locations where PWID may be incarcerated in ''detention'' centers or in locations where they may suffer extortion or brutality from police [12] . Finally, ART therapy in high-income settings may be implemented in the context of other large scale evidencebased HIV/HCV-related prevention programs including needle exchange programs and opiate substitution treatment/medication-assisted treatment [13] . As a result, ART therapy in high-income countries may benefit from the synergistic effects of ''combined'' prevention programming [14, 15] . In contrast, many ART therapy centers in TLMIC are implemented as stand-alone clinics/centers or in hospital settings where complementary harm reduction programs traditionally do not exist [16] .
In this review, we examine adherence to ART therapy in TLMIC among active PWID and persons with a history of injection drug use, and compare the results found in TLMIC to ART adherence among active PWID and persons with a history of injection drug use in high-income countries. The goal is to determine if TLMIC, given more limited resources and funding, are able to attain the same level of ART adherence that has been found in studies of active PWID and persons with a history of injection drug use in high-income countries.
Methods

Search Strategies
The literature search conducted for this review utilized strict PRISMA guidelines [17] . Studies were selected from several sources including PubMed, EMBASE, NLM Gateway, and abstracts from International AIDS Society (IAS) 2000-2012 and International Harm Reduction Association (IHRA) 2000-2012 conferences. Systematic literature searches were conducted to identify potentially eligible articles from journals and conference presentations. We also searched references from review articles assessing ART adherence among drug-using populations for any country designated as a TLMIC. Figure 1 presents the search terminology used to locate potentially eligible studies.
Study Selection and Eligibility Criteria
In order for a study to be included, there had to be documentation of ongoing ART therapy in a sample of opiate users with current and/or history of injection drug use and with measurements of ART adherence. In all of the primary samples, at least 90 % of the sample identified as current or previous injection drug users (a percentage that is traditionally used as a minimum for a PWID sample). Only one study contained only active PWID (Shaboltas et al.) ; all other studies had a combination of current PWID or persons with a history of injection drug use. Adherence was measured in a number of ways, including recall of adherence by participants (throughout the entire treatment period, or in the last 2-7 days), review of medical records, and recall of medication taken over varying periods of time. We excluded any study from prison or institutionalized settings due to the distinct structural nature of these programs. Locations were restricted to countries that fit the TLMIC designation defined by the World Bank [18] ; all high-income location studies were excluded (unless they included a separate analysis of a TLMIC as well).
Data Extraction and Analysis
A standardized coding form was developed to document pertinent information for each study. Information collected included demographics of the drug using population, study design characteristics of the ART program including location and services offered, type of ART therapy used, and information related to changes in ART adherence for each participant over time. Each study was assigned a reference ID number after completion of coding. Data was extracted from each coding form and entered into a database in order to assess ART adherence over time for participants in each study.
Weighted ART adherence was calculated for each study, with study categorization done based on measurement of ART adherence by the primary authors. Adherence was defined in the primary studies using three different measurements (Table 1) .
Meta-regression analysis was conducted to examine region, year of study, number of months of follow-up, and type of adherence measurement used in primary studies in relationship to ART adherence levels. Heterogeneity tests were conducted to assess variability among the individual studies in the review.
Assessment of Risk of Bias in Studies
A quality check was performed to document the strengths and weaknesses of each study; items in the quality checklist included recruitment method, comparability in loss to follow-up and retained participants, and assessment of follow-up period. This checklist was modified from quality checklists for primary studies by the Cochrane Collaboration of systematic reviews [19] . Figure 2 shows the PRISMA diagram for the search that led to the final number of studies included in this review. The search included all published studies from January 1 1994 (when ART medication began to be distributed on a wider basis to HIV positive persons) through December 13 2013. Searching identified 3,054 article titles. After removal of 116 duplicate papers, we screened 2,938 abstracts against the inclusion criteria and retrieved 61 full text articles after excluding a total of 101 foreign language citations that could not be accessed. Of the articles and reports retrieved, 15 met all criteria for inclusion and were coded for our review. These 15 studies described 16 different samples of persons with current or a history of injection drug use from 7 different countries. The included studies contained a total of 21,258 program participants of which 60 were identified as current PWID and 21,198 were identified as being current or former PWID. The 21,258 participants were from studies conducted in the following countries: Brazil, China, Estonia, India, Indonesia, Russia, and Vietnam.
Results
The studies included in this review were conducted at ART therapy sites located at stand-alone locations (HIV specialty clinics) or within hospitals. Different ART medications were used, including Efavirenz, Lamivudine, Nevirapine, Ritronavir, Stavudine, and Zidovudine (using monotherapy or cocktail therapies). The studies in the review included follow-up data from 1996 through 2012. Follow-up (defined as the period for assessing ART adherence among participants in each primary study) times varied among included studies, ranging from one month to as high as 148 months, with an average follow-up of 27 months. In primary studies, locations that involved ART medications did not offer additional harm reduction services (such as opiate substitution therapy/medicationassisted treatment, needle exchange, mental health services, or other substance treatment). Table 2 gives ART adherence measurements for the individual studies in addition to information on study location, years of data collection, type of ART regimen used in each program (if available), and length of follow-up measuring ART adherence among participants in each primary study.
After examining the adherence rates of the individual studies, we performed meta-regression to determine factors associated with ART adherence. Variables entered into the meta-regression model included adherence measurement type (categories 1-3, defined in Table 1 ), months of follow-up in primary studies, the year of follow-up of the study, and region of data collection. The meta-regression results showed method of measuring adherence (p \ 0.001) and studies conducted in Eastern Europe and East Asia (p = 0.016) were associated with higher levels of ART adherence. Table 3 gives the results of the metaregression. Overall heterogeneity among studies included was very high (I 2 = 99.7).
Assessment of Risk of Bias
There were five studies that did not use systematic sampling to recruit participants into the study [20] [21] [22] [23] [24] . There were 10 studies that did not control for confounders in their analysis of follow-up adherence among ART participants [20] [21] [22] [24] [25] [26] [27] [28] [29] . While there was clearly bias introduced among included primary studies, we did not note any systematic bias that would lead to removal from the analysis. As a result, all of these studies were included in the final measurements of ART adherence.
Discussion
Previous research into ART adherence has led to guidelines specifying that an individual patient should take at least 90 % of ART medication in order to reach viral suppression [30] . There was considerable variation in ART adherence outcomes according to how adherence was measured in the studies reviewed here, but there were many studies in which substantial minorities of patients were not meeting the 90 % adherence standard. Our findings of sub-optimal adherence levels among PWID participant samples with current and histories of injection drug use in TLMIC are comparable to several studies conducted among PWID in high-income settings which also found sub-optimal adherence among large numbers of PWID participants with current and histories of injection drug use. A study conducted among PWID with current and histories of injection drug use in Denmark found ART adherence of less than 90 % in 55 % of PWID (defined by satisfying the 90 % medication adherence and remaining in treatment to the end of the study evaluation) [31] . A long term follow-up study among PWID with current and histories of injection drug use in Canada from 1996 through 2008 recruited over 400 HIV positive PWID, and only 63 % remained adherent over the entire adherence analysis period (defined by satisfying the 90 % medication adherence and remaining in treatment to the end of the study evaluation) [32] . Among 350 PWID with current and histories of injection drug use that were analyzed as part of the ALIVE study in Baltimore [33] , adherence was measured over a five year period of HIV treatment, and the results showed that only 26.7 % of participants were compliant with ART therapy (defined by 90 % of medication taken during follow-up periods) [34] . As part of the MANIF2000 cohort study in France, adherence was measured among HIV infected PWID with current and histories of injection drug use over a two and half year period, with 65.2 % of participants classified as ART adherent at the end of the study (defined by satisfying the 90 % medication adherence and remaining in treatment to the end of the study evaluation) [35] .
All of the studies included in this review included a small proportion of individuals who discontinued treatment due to the side effects of the ART medications given. Maintaining adherence among persons with adverse reactions to medications may require adjusting, or changing the ART regimen. Unfortunately, most of the studies included here did not address medication adjustments with respect to those who were non-adherent to the original ART therapy, and did not examine drop-out participants in detail. As many participants who discontinued treatment did not return for followup, there was no opportunity for the program to offer alternative treatments to these ''drop outs'' that may carry fewer side effects than the first ART regimen given.
The results of the meta-regression showed that adherence measurement type and the regions of Eastern Europe and East Asia were associated with higher rates of ART adherence. Recent research into coverage of HIV positive PWID reported higher levels of coverage in Eastern Europe and East/Central Asia compared to Southeast Asia. Among PWID in developing countries, approximately 8 % of PWID are covered by ART. However, among PWID located in Eastern Europe and East/Central Asia, 14 % of those receiving ART medication are identified as PWID, compared to Southeast Asia where only 1 % of people on ART medication were PWID with current and histories of injection drug use [36] . The higher coverage rates in Eastern Europe and Eastern/Central Asia suggest that there may be more experience among clinicians related to opiate addiction and ART medication administration, which in turn increases ART adherence levels among PWID with current and histories of injection drug use.
For drug users who seek treatment for HIV infection, particularly PWID with current and histories of injection drug use, there are often barriers that prevent high adherence to medications or treatment. Among many drug using populations, poverty can affect adherence to care as financial resources may prevent drug users from being able to travel to centers for medication. Unemployment, inadequate housing, or lack of funding for medications in locations where it is not free can also serve as obstacles to ART adherence [37] .
Structural factors could affect adherence rates among drug users who participated in the primary studies [38] . Factors including logistical barriers to accessing treatment (including long wait times and inconvenient clinic hours), inadequate training of medical staff for treating HIV infected drug users, and lack of treatment for mental health disorders, have been associated with compromised levels of ART adherence among drug users [39] .
Discrimination exists against PWID in many countries, and the stigma attached to being HIV positive and a drug injector may cause PWID to under-utilize available services [40, 41] . In certain countries, however, government officials are addressing these discriminations; in China, recent government initiatives including the CHARE HIV program [42] have highlighted their pledge to providing treatment to all HIV infected individuals while combating stigma of HIV and drug use through public education [26] . Several programs have now begun to integrate treatment for opiate addiction into current ART programs for PWID. There is evidence that PWID on opiate substitution treatment (OST)/medication-assisted treatment reduce drug use, making it easier for them to adhere to medication schedules while providing an opportunity for directly observed therapy. Additionally, HIV positive OST/medication-assisted treatment participants have documented ART adherence that is comparable to HIV infected persons on ART medication in the general population [35, 43] . In addition to OST/medication-assisted treatment, needle and syringe exchange programs for PWID may also provide adherence support services for ART therapy. Although none of the studies collected in this review utilized opiate substitution/medication-assisted treatment among participants, future programs that address HIV infected opiate users should build upon the synergistic relationship of OST/medication-assisted treatment and ART to promote increased adherence to both treatment regimens.
Perhaps one of the most important factors in ART adherence is having adequate support services for PWID in treatment. Primary studies have shown the importance of stable primary care and adequate support services to ensure continued ART adherence. Improving the overall environment in which PWID receive treatment has been shown to be independently associated with adherence to ART [44] .
Limitations
There are several limitations for this review that should be noted. Some of the studies did not report the specific type of ART medication used, but did adhere to ART guidelines used in HIV treatment programs [45] ; in the studies that did report ART medication type, we found wide variation in the type of therapies that were given to the participants in each study, ranging from monotherapy to triple drug combinations. While we attempted to contact authors to get ART medication information, we were not able to acquire this information for several of the studies, especially those in Brazil, China, Russia, and Vietnam. The way ART adherence was measured varied among studies; while some studies defined ART adherence by continued participation in treatment (retention), other studies measured adherence with more precise indicators including recall of the number of pills taken over a short time period. Adherence in many cases was also based on selfreport responses from participants; this could lead to recall bias, especially in studies with long follow-up times. In studies with long recall periods, subjects may have generalized from recent experience and failed to report ART adherence problems that occurred early in treatment.
Given the wide range of treatment regimens given to participants, ART adherence could have been influenced by side effects to particular regimens. As some ART medications cause more severe side effects than others, the type of ART therapy used could have influenced ART adherence rates among participants. However, examination of the medications given in the studies included did not show any particular regimen being associated with lower rates of medication adherence, and the number of participants who were not adherent to ART in the primary studies due to adverse events was relatively small.
In most of the primary studies included, the authors did not distinguish between PWID with current versus histories of injection drug use; in only one study was the sample described as only current PWID. Due to the small number of participants in this one study (n = 60) compared to the entire sample (n = 21,258), we were not able to conduct a sub-analysis of ART adherence by injection status.
Conclusion
The ART adherence levels among PWID with current and histories of injection drug use in TLMIC are sub-optimal and are probably well below the levels needed to have both positive treatment outcomes for individuals and a population-level treatment as prevention effect on HIV transmission. Given the critical importance of adherence to HIV treatment to prevent ART resistance, more research is needed to help elucidate the interactions between injection drug use and adherence to ART medications [46] . In addition, standardizing outcome measures of ART adherence among studies should be implemented, including the use of multiple methods for assessing adherence, separating retention in the program from medication adherence among those continuing to participate in the program, conducting analysis for current PWID versus those with a history of injection drug use, providing complete descriptions of the program policies and procedures, and transparent reporting among researchers. Further integration of ART interventions into current services, including needle exchange and opiate substitution/ medication-assisted treatment, is recommended, so PWID with current and histories of injection drug use can benefit from the synergistic effects of different services and treatment approaches [47, 48] .
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